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GAS STORAGE TANK AND METHOD OF MANUFACTURING THE 

SAME 



BACKGROUND OF THE INVENTION 

[0001] 

Field of the Invention 

The present invention relates to a gas storage tank for storing 
gas therein and a method of manufacturing such a gas storage tank. 



10 Description of the Related Art 

[0002] Various gas storage tanks have been proposed to store a gas. 
One known method for storage of a gas is absorption or adsorption of 
the gas in a selected gas absorbent/adsorbent. One example is a 
hydrogen storage tank including hydrogen storage alloy. The hydrogen 

15 storage tank includes, for example, a cylindrical container that is filled 
with the hydrogen storage alloy and has one or two opening ends sealed 
by a flange. 

[0003] In the gas storage tank containing the gas 
absorbent/adsorbent, an increase in gas supply pressure to the gas 

20 storage tank accelerates absorption or adsorption of the gas. The 

increase in gas supply pressure to the gas storage tank enables a larger 
quantity of the gas to be stored in a compressed form in cavities formed 
in the gas storage tank, in addition to absorption or adsorption of the 
gas in the gas absorbent/adsorbent. The gas storage tank is required 

25 to have a sufficiently high strength against the higher pressure in the 
gas storage tank. The high internal pressure of the gas storage tank 
may cause difficulties in sealing the opening of the container with the 
flange or in keeping the sufficient airtightness of the container with a 
gasket. No intensive studies, however, have been made on the 

30 structure of the gas storage tank that is filled with the gas 
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absorbent/adsorbent and is capable of storing a high-pressure gas. 

SUMMARY OF THE INVENTION 
[0004] The object of the invention is to eliminate the drawbacks of 
5 the prior art technique and to provide a technique of manufacturing a 
gas storage tank, which ensures sufficient performance of a gas 
absorbent/adsorbent included therein and is capable of storing a 
high-pressure gas. 

[0005] In order to attain at least part of the above and the other 

10 related objects, a first application of the present invention is directed to 
a method of manufacturing a gas storage tank for storing a gas. The 
manufacturing method of the first application includes the steps of: 
providing a hollow filling unit and a metal outer wall member, which 
receives the filling unit therein; filling the filling unit with a gas 

15 absorbent/adsorbent for absorbing and/or adsorbing the gas; attaching 
a detachable cover member to the filling unit to block up an opening of 
the filling unit filled with the absorbent/adsorbent, and placing the filling 
unit filled with the absorbent/adsorbent into the outer wall member 
through an opening formed in the outer wall member; narrowing the 

20 opening of the outer wall member after the placement of the filling unit 
into the outer wall member; heat-treating the outer wall member with the 
narrowed opening under water cooling; and detaching the cover member 
from the filling unit housed in the outer wall member after the heat 
treatment and connecting inside of the filling unit with outside of the 

25 outer wall member via the narrowed opening of the outer wall member, 
so as to allow for storage and release of the gas into and from the 
absorbent/adsorbent. 

[0006] The manufacturing method of the gas storage tank of the 
invention attaches the detachable cover member to the filling unit to 
30 block up the opening of the filling unit, which is filled with the 



2 



PF14J84X 

absorbent/adsorbent, prior to heat treatment. This arrangement 
effectively prevents the absorbent/adsorbent packed in the filling unit 
from being wet in the water cooling step of the heat treatment. It is 
extremely difficult to dry up the wet absorbent/adsorbent after packing in 
5 the filling unit. Once being wet, the absorbent/adsorbent may lower its 
gas absorbing/adsorbing capacity. Attachment of the detachable cover 
member to the filling unit effectively prevents such potential problems of 
the absorbent/adsorbent. After the heat treatment under water cooling, 
the cover member is removed from the filling unit to reopen the opening 
10 of the filling unit. The opening of the filling unit functions as a gas 
channel for storage and release of the gas into and from the 
absorbent/adsorbent packed In the filling unit. 

[0007] The manufacturing method of the gas storage tank of the 
invention narrows the opening of the outer wall member, after the 

15 placement of the filling unit into the outer wall member. This 

arrangement assures the sufficient size of the opening of the outer wall 
member for smooth placement of the filling unit into the outer wall 
member. After the insertion of the filling unit, the opening of the outer 
wall member is narrowed to keep the sufficient airtightness of the outer 

20 wall member against the Inner gas pressure. The manufacturing 

method packs the absorbent/adsorbent into the filling unit, prior to the 
placement of the filling unit into the outer wall member and the 
narrowing of the opening of the outer wall member. This ensures easy 
packing of the absorbent/adsorbent in the outer wall member. The heat 

25 treatment under water cooling effectively enhances the strength of the 
outer wall member. The heat treatment is carried out after the 
narrowing of the opening of the outer wall member. This arrangement 
prevents the effects of the heat treatment from being damaged by the 
opening narrowing process. 

30 [0008] In one preferable embodiment of the manufacturing method 
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of the first application, the gas storage tank stores hydrogen, the 
absorbent/adsorbent includes at least a hydrogen storage alloy, and the 
outer wall member Is composed of an aluminum-containing metal. 
[0009] Aluminum has excellent thermal conductance and is light in 
5 weight. A container of aluminum (aluminum alloy) is capable of storing 
high-pressure hydrogen without any leakage. Namely aluminum is a 
favorable material of the outer wall member included in a hydrogen 
storage tank. The outer wall member composed of the 
aluminum-containing metal goes through heat treatment under water 

10 cooling, which enhances the fatigue strength of the outer wall member. 
[0010] In this preferable embodiment of the manufacturing method 
of the first application, the filling unit may include a fin structure, which 
comes into contact with the absorbent/adsorbent. 
[0011] This structure desirably enhances the thermal conductance 

15 in the filling unit and efficiently releases the heat, which is produced by 
the absorbent/adsorbent in the process of absorption or adsorption of 
the gas, so as to accelerate absorption or adsorption of the gas into the 
adsorbent/absorbent. 

[0012] In one preferable structure of this embodiment, the filling unit 
20 includes the fin structure, which is formed by laminating multiple thin 
plate members having through holes, and the absorbent/adsorbent is 
packed into cavities, which are formed between the multiple thin plate 
members in the filling unit and are mutually connected via the through 
holes formed in the multiple thin plate members. 
25 [0013] The lamination of multiple thin plate members effectively 
enhances the thermal conductance in the filling unit and desirably 
facilitates setting of the fin structure in the filling unit. The 
absorbent/adsorbent is packed into the cavities of the filling unit via the 
through holes formed in the thin plate members. The filling unit of this 
30 rather complicated structure ensures easy packing of the 
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absorbing/adsorbent, since the absorbent/adsorbent is packed into the 
filling unit prior to the placement of the filling unit into the outer wall 
member. 

[0014] In another preferable embodiment of the manufacturing 
5 method of the first application, the filling unit includes a coolant channel, 
through which a coolant flows. The manufacturing method further has 
the step of: connecting the coolant channel with the outside of the outer 
wall member via the narrowed opening to supply and discharge the 
coolant to and from the coolant channel. 

10 [0015] The coolant channel located in the filling unit facilitates 

cooling and heating of the absorbent/adsorbent and thus enhances the 
efficiencies of gas absorption or adsorption and gas release. The 
filling unit of this rather complicated structure ensures easy packing of 
the absorbing/adsorbent, since the absorbent/adsorbent is packed into 

15 the filling unit prior to the placement of the filling unit into the outer wall 
member. 

[0016] The first application of the invention is not narrowed to the 
manufacturing method of the gas storage tank discussed above but is 
actualized in any of other diverse forms, for example, a gas storage tank 

20 manufactured by the manufacturing method of the gas storage tank. 
[0017] A second application of the invention is directed to a gas 
storage tank for storing a gas. The gas storage tank of the second 
application includes: a tank having an opening formed on at least one of 
two ends thereof; a filling unit that is housed in the tank; and a support 

25 member that is arranged between the tank and the filling unit and holds 
the filling unit in the tank to connect a whole gap formed between the 
tank and the filling unit with the opening. 

[0018] In the gas storage tank of this structure, the whole gap 
formed between the tank and the filling unit is connected to at least one 
30 opening formed in the tank. This arrangement ensures easy circulation 
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of the water flow through the tank and enables the tank to be abruptly 
cooled down with water in the process of heat treatment. The heat 
treatment under water cooling effectively enhances the strength of the 
tank in the gas storage tank. 
5 [0019] In the gas storage tank of the second application, the filling 
unit may be filled with an absorbent/adsorbent for absorbing and/or 
adsorbing the gas. This structure effectuates heat treatment under 
water cooling to enhance the strength of the tank in the process of 
manufacturing the gas storage tank, which includes the filling unit filled 

10 with the absorbent/adsorbent. 

[0020] A third application of the invention is directed to a gas 
storage tank for storing a gas. The gas storage tank of the third 
application includes: a filling unit that is filled with an 
absorbent/adsorbent for absorbing and/or adsorbing the gas; a tank that 

15 has two ends aligned along a longitudinal axis thereof and an opening 
formed on at least one of the two ends and houses the filling unit inside 
thereof; and a support member that is formed by multiple thin wavelike 
shaped plates arranged substantially in parallel with the longitudinal 
axis of the tank and has two open ends aligned along a longitudinal axis 

20 of the support member. The outside of the support member comes into 
contact with the tank, and the inside the support member comes into 
contact with the filling unit. The support member forms a gap between 
the tank and the filling unit to connect with the opening, while holding 
the filling unit in the tank. 

25 [0021] In the gas storage tank of the third application, the multiple 
thin plates arranged substantially in parallel with the longitudinal axis of 
the tank form the cavities. The flow of water led through the opening of 
the tank formed on at least one end of the tank quickly enters these 
cavities. This arrangement enables the tank to be abruptly cooled 

30 down with water in the process of heat treatment. The heat treatment 
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under water cooling effectively enhances the strength of the tank in the 
gas storage tank. The multiple thin plates may be individually separate 
elements or an integral element to attain the above arrangement. One 
example of the latter structure is one thin corrugated plate. 
5 [0022] In the gas storage tank of the second application or the third 
application, the tank may have a narrowed element of a smaller cross 
sectional area at the opening formed on at least one of the two ends. 
[0023] The narrowed element formed by narrowing the opening of 
the tank functions to keep the sufficient airtightness of the tank against 

10 the inner gas pressure. The tank goes through heat treatment under 
water cooling, after the insertion of the filling unit into the tank and the 
narrowing of the opening of the tank. The presence of the support 
member prevents the filling unit from interfering with the smooth flow of 
water and thus ensures efficient water cooling. 

15 [0024] In the gas storage tank of the second application or the third 
application, the tank may have two openings on the two ends to face 
each other. 

[0025] This structure readily makes circulation of water, which is led 
through one opening into the tank and is discharged from the other 
20 opening, thus effectuating abrupt water cooling in the process of heat 
treatment. 

[0026] In the gas storage tank of the second application or the third 
application, the tank has a quasi-cylindrical shape, and the support 
member is formed by a thin wavelike shaped plate arranged 
25 substantially in parallel with a longitudinal axis of the quasi-cylindrical 
shape. 

[0027] The tank of this shape gives the gas storage tank that is 
suitable for storage of a high-pressure gas. The support member 
formed by the thin plate arranged substantially in parallel with the 
30 longitudinal axis of the quasi-cylindrical shape reduces the total area of 
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the support member on the cross section of the gas storage tank and 
ensures a sufficiently wide water channel for water cooling. 
[0028] In one preferable embodiment of the gas storage tank of the 
second application or the third application, the gas storage tank stores 
5 hydrogen, the absorbent/adsorbent includes at least a hydrogen storage 
alloy, and the tank Is composed of an aluminum-containing metal. 
[0029] Aluminum has excellent thermal conductance and Is light in 
weight. A container of aluminum (aluminum alloy) is capable of storing 
high-pressure hydrogen without any leakage. Namely aluminum is a 
10 favorable material of the tank included in a hydrogen storage tank. The 
tank composed of the aluminum-containing metal goes through heat 
treatment under water cooling, which enhances the fatigue strength of 
the tank. 

[0030] In the gas storage tank of the second application or the third 
15 application, the support member may be made of a metal. 
[0031] The metal support member improves the thermal 
conductance between the filling unit and the tank. Heat produced by 
hydrogen storage alloy in the process of absorption or adsorption of 
hydrogen is transmitted from the filling unit to the tank to be absorbed by 
20 the tank or another member or to be released outside. The efficient 
absorption or release of heat produced by the hydrogen storage alloy in 
the process of absorption or adsorption of hydrogen desirably increases 
the amount of hydrogen stored in the gas storage tank and accelerates 
the storage of hydrogen in the gas storage tank. This arrangement 
25 also desirably reduces the size of a coolant channel formed in the filling 
unit for discharge of heat or allows for even elimination of the coolant 
channel. 

[0032] The second application or the third application of the 
invention is not narrowed to the gas storage tank discussed above but is 
30 actualized in any of other diverse forms, for example, a manufacturing 
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method of such a gas storage tank. The invention is accordingly 
directed to a method of manufacturing a gas storage tank for storing a 
gas. This manufacturing method includes the steps of: inserting a 
filling unit into a tank having at least one opening; arranging a support 
5 member between the filling unit and the tank to connect a whole gap 
formed between the tank and the filling unit with the opening; and 
heat-treating the tank under water cooling, after the placement of the 
filling unit and the arrangement of the support member 
[0033] These and other objects, features, aspects, and advantages 
10 of the present invention will become more apparent from the following 
detailed description of the preferred embodiments with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0034] 

Fig. 1 is a vertical sectional view schematically illustrating the 
internal structure of a hydrogen storage tank in a first embodiment of the 
invention; 

Fig. 2 is a flowchart showing a process of manufacturing the 
20 hydrogen storage tank in the first embodiment; 

Fig. 3 is a sectional view taken on the line 3-3 in Fig. 1 ; 

Fig. 4 shows the cross section of a flat plate and a corrugated 

plate; 

Fig. 5 is a vertical sectional view showing part of a heat 
25 exchanger; 

Fig. 6 is a sectional view taken on the line 6-6 in Fig. 1; 

Fig. 7 is a sectional view taken on the line 7-7 in Fig. 1; 

Fig. 8 shows the manufacturing process of and after step 8130 in 
the flowchart of Fig. 2; 
30 Fig. 9 shows the manufacturing process after step 8160 in the 
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flowchart of Fig. 2; 

Fig. 10 schematically illustrates the structure of a hydrogen 
storage tank in a second embodiment of the invention; 

Fig. 11 is a sectional view taken on the line 11-11 in Fig. 10; 
5 Fig. 12 is a flowchart showing a process of manufacturing the 

hydrogen storage tank in the second embodiment; 

Fig. 13 shows a main part of the manufacturing process of the 
hydrogen storage tank in the second embodiment; 

Fig. 14 shows another main part of the manufacturing process of 
10 the hydrogen storage ink in the second embodiment; and 

Fig. 15 schematically illustrates the structure of a hydrogen 
storage tank in a modified example of the second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 [0035] The hydrogen storage tank and the method of manufacturing 
the hydrogen storage tank of the invention are discussed below as 
preferred embodiments with reference to the accompanied drawings. 
Some details of the embodiments are described below for the better 
understanding, but the invention is not required to include all the 

20 constituents described in detail. 
[0036] First Embodiment 
Structure of Hydrogen Storage Tank 10 

Fig. 1 is a vertical sectional view schematically illustrating the 
internal structure of a hydrogen storage tank 10 in a first embodiment of 

25 the invention. The hydrogen storage tank 10 includes a tank container 
20 and a heat exchanger unit 30 located inside the tank container 20. 
[0037] The tank container 20 functions as an outer wall member of 
the hydrogen storage tank 10 and is defined by a quasi-cylindrical 
hollow vessel. In the structure of this embodiment, the tank container 

30 20 is made of an aluminum alloy. The tank container 20 has joint 
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openings 21 and 22 on both ends thereof, which have smaller 
virtually-circular cross sections than the center cross section of the tank 
container 20. Joint assennblies 23 and 24 are set In the respective joint 
openings 21 and 22. The joint assemblies 23 and 24 form the structure 
5 of keeping the sufficient airtightness of the tank container 20 at the joint 
openings 21 and 22 to prevent leakage of hydrogen stored in the tank 
container 20. The joint assembly 23 has a hydrogen supply/discharge 
opening 23a, which is open to the outside to supply and discharge a flow 
of gaseous hydrogen into and from the tank container 20. The joint 

10 assembly 24 has a coolant supply opening 24a and a coolant discharge 
opening 24b, which are open to the outside to supply a selected coolant 
into the tank container 20 and to discharge the coolant from the tank 
container 20. The outer circumference of the tank container 20 is 
covered with a reinforcement layer 26. The reinforcement layer 26 is 

15 made of carbon fiber reinforced plastic (CFRP) and enhances the 

strength of the tank container 20, which stores high-pressure hydrogen 
therein. 

[0038] The heat exchanger unit 30 has a heat exchanger casing 34, 
which is a quasi-cylindrical vessel having a smaller cross section than 

20 the cross section of the tank container 20. The heat exchanger casing 
34 is filled with hydrogen storage alloy. Thin plate members of an 
aluminum alloy are laid one upon another in the heat exchanger casing 
34, and the hydrogen storage alloy is packed in the laminate of thin 
plate members, as described later in detail. Multiple coolant channels 

25 40 are formed to pass through the longitudinal axis of the heat 

exchanger unit 30 and allow for heat exchange between the hydrogen 
storage alloy packed therein with a selected coolant. The multiple 
coolant channels 40 are connected to the coolant supply opening 24a 
included in the joint assembly 24. A flow conduit of the coolant 

30 connecting with the coolant supply opening 24a is extended in the tank 
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container 20 and is branched off to the multiple coolant channels 40 at 
the end of the joint opening 22 of the heat exchanger unit 30. The flow 
of coolant is thus led through the multiple coolant channels 40. 
[0039] The heat exchanger unit 30 also includes a quasi-cylindrical 
5 filter 36, which passes through the longitudinal axis on the approximate 
center of the heat exchanger unit 30. The filter 36 is a porous body of a 
sintered metal and carries the particles of the hydrogen storage alloy 
packed in the heat exchanger unit 30 with substantially prohibiting their 
invasion. A coolant conduit 37 defining a coolant channel is located 

10 inside the filter 36 to pass through the laminating direction of the thin 
plate members in the heat exchanger unit 30. The multiple coolant 
channels 40 join together at the end of the joint opening 21 of the heat 
exchanger unit 30 and are connected to this coolant conduit 37. The 
coolant conduit 37 is extended to the joint opening 22 and is open to the 

15 coolant discharge opening 24b included in the joint assembly 24. The 
flows of the coolant running through the multiple coolant channels 40 
are joined together at the end of the joint opening 21 and are led in a 
reverse direction to go through the coolant conduit 37 and the coolant 
discharge opening 24b to be discharged to the outside. 

20 [0040] A hydrogen filling space 33 is formed between the inner wall 
face of the tank container 20 and the heat exchanger unit 30. A supply 
of hydrogen fed into the hydrogen storage tank 10 is absorbed by and 
stored in the hydrogen storage alloy packed in the heat exchanger unit 
30, while being stored as compressed hydrogen in gaps formed by the 

25 particles of the hydrogen storage alloy and in this hydrogen filling space 
33. 

[0041] A support member 45 is interposed between the tank 
container 20 and the heat exchanger unit 30. The support member 45 
is a metal thin plate of, for example, an aluminum alloy, stainless steel, 
30 or a clad material of an aluminum alloy or stainless steel, corrugated at 
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preset intervals. The support member 45 absorbs expansion and 
contraction in the heat exchanger unit 30 due to an increase or a 
decrease in temperature, while holding the heat exchanger unit 30 in the 
tank container 20. The support member 45 also allows for heat 
5 transmission between the heat exchanger unit 30 and the wall surface of 
the tank container 20. The support member 45 of the corrugated 
structure has elastic force to hold the heat exchanger unit 30. In a 
modified structure, the support member 45 may be attached to the tank 
container 20 and to the heat exchanger unit 30 to hold the heat 

10 exchanger unit 30. 

[0042] Manufacturing Process of Hydrogen Storage Tank 10 

Fig. 2 is a flowchart showing a process of manufacturing the 
hydrogen storage tank 10 in the first embodiment. Steps SI 00 through 
SI 30 constitute a process of manufacturing the heat exchanger unit 30. 

15 The manufacturing process of the heat exchanger unit 30 first lays 
multiple thin plate members one upon another to assemble the heat 
exchanger unit 30 (step SI 00), as discussed below. 
[0043] The heat exchanger unit 30 is formed by alternately 
laminating two different types of disc-shaped thin plate members, flat 

20 plates 31 and corrugated plates 32, in the heat exchanger casing 34. 
Fig. 3 is a sectional view of the tank container 20 in the hydrogen 
storage tank 10, taken on the line 3-3 in Fig. 1 . The hydrogen storage 
alloy actually packed in the heat exchanger unit 30 is omitted from the 
illustration of Fig. 3. Fig. 4 shows the cross section of the flat plate 31 

25 and the corrugated plate 32 used to form the heat exchanger unit 30. 
Fig. 5 is a vertical sectional view showing part of the heat exchanger 
unit 30, in which the flat plates 31 and the corrugated plates 32 are 
alternately laminated. The flat plate 31 is a plain thin plate member, 
and the corrugated plate 32 is a thin plate member corrugated at preset 

30 intervals to have concaves and convexes. Only the thin plate members 

13 



PF14J84X 

corresponding to the flat plates 31 are shown in Fig. 1 . Fig. 3 shows 
the corrugated plate 32, where the corrugating positions are expressed 
by parallel lines. The flat plate 31 and the corrugated plate 32 as the 
two different types of disc-shaped thin plate members have multiple 
5 coolant apertures 53 and multiple hydrogen storage alloy filling 
apertures 54 at corresponding positions (see Fig. 3). 
[0044] In the assembly of the heat exchanger unit 30, the multiple 
flat plates 31 and the multiple corrugated plates 32 are alternately laid 
one upon another, such that the coolant apertures 53 and the hydrogen 

10 storage alloy filling apertures 54 of the respective flat plates 31 and 
corrugated plates 32 are arrayed in an overlapping manner. Coolant 
pipes 55 are inserted into the respective arrays of the coolant apertures 
53 arranged at the overlapping positions to pass through the heat 
exchanger unit 30 in the laminating direction (see Figs. 3 and 5). 

15 [0045] Each of the flat plates 31 and the corrugated plates 32 has a 
circular hole on its center. In the process of assembly of the heat 
exchanger unit 30, the filter 36 is inserted into an array of the circular 
holes aligned in the overlapping manner to pass through the heat 
exchanger unit 30 in the laminating direction (see Figs. 1 and 3). The 

20 coolant conduit 37 is also inserted in the filter 36 to pass through the 
heat exchanger unit 30 in the laminating direction (see Figs. 1 and 3). 
[0046] In the process of assembly of the heat exchanger unit 30, a 
first manifold plate 38 is located on one end of the laminate body of the 
flat plates 31 and the corrugated plates 32, whereas a second manifold 

25 plate 39 is located on the other end of the laminate body (see Fig. 1). 
Fig. 6 is a sectional view of the tank container 20 in the hydrogen 
storage tank 10, taken on the line 6-6 in Fig. 1 . Namely the first 
manifold plate 38 is seen from the outer face of the laminate body in Fig. 
6. Fig. 7 is a sectional view of the tank container 20 in the hydrogen 

30 storage tank 10, taken on the line 7-7 in Fig. 1 . Namely the second 
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manifold plate 39 is seen from the inner face of the laminate body in Fig. 
7. 

[0047] Referring to Fig. 6, the first manifold plate 38 has hydrogen 
storage alloy filling holes 56 at positions corresponding to the respective 
5 hydrogen storage alloy filling apertures 54 formed in the flat plates 31 
and the corrugated plates 32. As shown by the broken lines, recesses 
52 are formed on the opposite face to the surface explicitly shown in Fig. 
6 at positions corresponding to the respective coolant apertures 53 
formed in the flat plates 31 and the corrugated plates 32. The first 

10 manifold plate 38 also includes a specified distributing space 58 on Its 
approximate center. The specified distributing space 58 is open as a 
cooling water inlet 57 (see Fig. 1) on the approximate center of the first 
manifold plate 38 on the surface explicitly shown in Fig. 6. The 
specified distributing space 58 in the first manifold plate 38 is connected 

15 with the respective recesses 52 via connection passages 59 formed in 
the first manifold plate 38, The first manifold plate 38 also has a 
cooling water outlet 60, which passes through its approximate center but 
is not connected with the distributing space 58. In the process of 
assembly of the heat exchanger unit 30, the first manifold plate 38 is 

20 attached to the laminate body of the flat plates 31 and the corrugated 
plates 32, such that the respective recesses 52 are connected with the 
corresponding coolant pipes 55 to form the coolant channels 40 and that 
the cooling water outlet 60 is connected with the coolant conduit 37. 
The hydrogen storage alloy filling holes 56 formed in the first manifold 

25 plate 38 are omitted from the illustration of Fig. 1, for the better 
understanding of the branching flows of the cooling water channel. 
[0048] Referring to Fig. 7, the second manifold plate 39 has 
recesses 64 formed on the surface explicitly shown in Fig. 7 at positions 
corresponding to the respective coolant apertures 53 formed in the flat 

30 plates 31 and the corrugated plates 32. The second manifold plate 39 
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also includes a specified collecting space 62 formed on its approximate 
center. The specified collecting space 62 is open as a cooling water 
opening 63 on the approximate center of the second manifold plate 39 
on the surface explicitly shown in Fig. 7. The specified collecting 
5 space 62 in the second manifold plate 39 is connected with the 
respective recesses 64 via connecting passages 65 formed in the 
second manifold plate 39. The second manifold plate 39 also has a 
hydrogen inlet 61 , which passes through the approximate center thereof 
but is not connected with the collecting space 62. In the process of 

10 assembly of the heat exchanger unit 30, the second manifold plate 39 is 
attached to the laminate body of the flat plates 31 and the corrugated 
plates 32, such that the respective recesses 64 are connected with the 
corresponding coolant pipes 55 to form the coolant channels 40 and that 
the cooling water opening 63 Is connected with the coolant conduit 37. 

15 The hydrogen inlet 61 is accordingly blocked by the end of the filter 36. 
[0049] Referring back to the flowchart of Fig. 2, after assembly of 
the heat exchanger unit 30, the manufacturing process packs the 
particles of the hydrogen storage alloy into the heat exchanger unit 30 
(step S110). The supply of the hydrogen storage alloy is flown through 

20 the hydrogen storage alloy filling holes 56 formed In the first manifold 
plate 38 and Is led into the heat exchanger unit 30. The alternate 
arrangement of the flat plates 31 and the corrugated plates 32 in the 
heat exchanger unit 30 forms pores between the adjoining thin plate 
members in the laminate as shown in Fig. 5. The pores connect with 

25 one another via the hydrogen storage alloy filling apertures 54 formed in 
the flat plates 31 and the corrugated plates 32. The supply of the 
hydrogen storage alloy is flown through the hydrogen storage alloy 
filling holes 56 formed in the first manifold plate 38 and is led into the 
heat exchanger unit 30 via the hydrogen storage alloy filling apertures 

30 54 formed in the flat plates 31 and the corrugated plates 32 to be packed 
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in the pores. 

[0050] After filling the heat exchanger unit 30 with the hydrogen 
storage alloy, the manufacturing process blocks the respective 
hydrogen storage alloy filling holes 56 formed in the first manifold plate 
5 38 and the hydrogen inlet 61 of the second manifold plate 39 (step 
S120). The hydrogen storage alloy filling holes 56 are not required to 
reopen and are thus sealed by, for example, welding. The hydrogen 
inlet 61 is, however, required to reopen, prior to completion of the 
hydrogen storage tank 10 and is thus blocked in a re-openable manner. 

10 For example, a bolt having a specific size corresponding to the 

hydrogen inlet 61 is used as a cover member and is screwed into the 
hydrogen inlet 61 to block up the hydrogen inlet 61 . The hydrogen inlet 
61 is blocked here to prevent water from entering the heat exchanger 
unit 30 in a subsequent heat treatment process (discussed later). For 

15 example, an O ring may be used to ensure the required sealing 
properties. 

[0051] After blockage of the hydrogen storage alloy filling holes 56 
and the hydrogen inlet 61, the manufacturing process connects coolant 
channels with the heat exchanger unit 31 to complete the heat 

20 exchanger unit 30 (step SI 30). Figs. 8 and 9 schematically show the 
manufacturing process of and after step SI 30. Fig. 8(A) shows the 
heat exchanger unit 30 completed at step SI 30. The manufacturing 
process connects tubular members 70 and 71 made of, for example, 
stainless steel with the cooling water inlet 57 and the cooling water 

25 outlet 60 of the first manifold plate 38 and sets the tubular members 70 
and 71 in a cylindrical member 72 made of, for example, stainless steel 
to complete the heat exchanger unit 30 at step S30. The cylindrical 
member 72 is shown in cross section in the illustration of Fig. 8(A). 
This clearly shows that the tubular members 70 and 71 pass through the 

30 cylindrical member 72. 
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[0052] On completion of the heat exchanger unit 30, the 
manufacturing process provides the tank container 20 (step S140). 
The tank container 20 of this embodiment is composed of an aluminum 
alloy and is provided at step S140 as a tube with both ends open as 
5 shown Fig. 8(B). 

[0053] The manufacturing process locates the heat exchanger unit 
30 completed at step S130 in the tank container 20 provided at step 
SI 40 (step S150, see Fig. 8(C)). The support member 45 is interposed 
between the tank container 20 and the heat exchanger unit 30, when the 
10 heat exchanger unit 30 is set in the tank container 20 at step SI 40. 

[0054] The manufacturing process subsequently narrows both ends 
of the tank container 20 (step SI 60), so as to narrow the openings at 
both ends of the tank container 20 and form the joint openings 21 and 22 
(see Fig. 9). 

15 [0055] The tank container 20 then goes through heat treatment 
(step SI 70). The heat treatment is performed to improve the fatigue 
strength of the aluminum alloy of the tank container 20. In the 
hydrogen storage tank 10, the respective constituents are expanded and 
compressed with a variation in temperature, and the internal pressure 

20 varies with storage and release of hydrogen. The expansion and 

compression of the constituents and the variation in internal pressure 
cause distortion in the shape of the tank container 20 at a certain rate. 
The repeated distortion gradually accumulates the metal fatigue on the 
aluminum alloy of the tank container 20. The heat treatment enhances 

25 the resistance to such metal fatigue. The procedure of this 

embodiment applies a known T6 treatment for the aluminum alloy to the 
heat treatment. The heat treatment heats up the alurninum alloy to the 
state of a solid solution in a temperature range of 515 to 550''C and then 
abruptly cools down the heated aluminum alloy with water. The flow of 

30 water is led into the tank container 20 to ensure abrupt cooling of the 
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aluminum alloy with water. 

[0056] After the heat treatment, the manufacturing process removes 
the cover member from the hydrogen inlet 61 of the second manifold 
plate 39 to reopen the hydrogen inlet 61 (step SI 80). Namely the 
5 cover member set in the hydrogen Inlet 61 is detached via the joint 
opening 21 formed at step SI 60. 

[0057] The manufacturing process then attaches the joint assembly 
23 to the joint opening 21 and the joint assembly 24 to the joint opening 
22, respectively (step SI 90). In the structure of this embodiment, the 

10 joint assembly 23 has a solenoid-operated on-off valve and a pressure 
reducing valve. The flow of high-pressure gaseous hydrogen is 
introduced via the hydrogen supply/discharge opening 23a to be stored 
in the hydrogen storage tank 10. The flow of low-pressure gaseous 
hydrogen reduced by means of the pressure reducing valve is 

15 discharged from the hydrogen storage tank 10 to the outside via the 

hydrogen supply/discharge opening 23a. The cylindrical member 72 is 
arranged to pass through the joint assembly 24. The cylindrical 
member 72 has the penetrating tubular members 70 and 71 as 
discussed above. In this arrangement of the cylindrical member 72, 

20 the ends of the tubular members 70 and 71 respectively form the coolant 
supply opening 24a and the coolant discharge opening 24b. 
[0058] The manufacturing process subsequently forms the 
reinforcement layer 26 on the outer circumference of the tank container 
20 (step S200) and completes the hydrogen storage tank 10. The 

25 reinforcement layer 26 is formed, for example, by winding carbon fibers 
soaked in an epoxy resin about the outer circumference of the tank 
container 20 and curing the soaking epoxy resin. 
[0059] Storage and Release of Hydrogen into and from Hydrogen 
Storage Tank in First Embodiment 

30 A supply of high-pressure hydrogen is introduced into the 
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hydrogen storage tank 10 via the hydrogen supply/discharge opening 
23a for storage of hydrogen in the hydrogen storage tank 10. The flow 
of hydrogen led through the hydrogen supply/discharge opening 23a is 
flown through the solenoid valve of the joint assembly 23 and is led into 
5 the hydrogen filling space 33 in the hydrogen storage tank 10. The 
flow of hydrogen is further led into the heat exchanger unit 30 via the 
hydrogen inlet 61 and the filter 36, so as to be absorbed by and stored in 
the hydrogen storage alloy. The amount of hydrogen absorbed by and 
stored in the hydrogen storage alloy depends upon the pressure of 
10 hydrogen, the temperature, and the type of the hydrogen storage alloy. 
When the flow of hydrogen is supplied at a preset pressure, the 
hydrogen storage alloy is heated up to a specific temperature, while 
absorbing the hydrogen. 

[0060] In the process of hydrogen storage, the coolant is flown into 
15 the hydrogen storage tank 10 via the coolant supply opening 24a, 

passes through the hydrogen storage tank 10, and is discharged to the 
outside via the coolant discharge opening 24b. The supply of the 
coolant introduced into the hydrogen storage tank 10 is branched off in 
the first manifold plate 38 to the respective coolant channels 40 and is 
20 joined together in the second manifold plate 39 to be discharged to the 
outside via the coolant conduit 37. Such circulation of the coolant 
cools down the inside of the hydrogen storage tank 10 and thereby 
accelerates absorption of hydrogen into the hydrogen storage alloy. 
[0061] After the hydrogen storage alloy is heated up to the specific 
25 temperature, the hydrogen filling space 33 is filled with gaseous 

hydrogen at a pressure corresponding to the hydrogen supply pressure 
into the hydrogen storage tank 10. The hydrogen storage tank 10 is 
thus fully filled with hydrogen. 

[0062] The flow of hydrogen reduced to a preset pressure is 
30 released from the hydrogen storage tank 10 via the hydrogen 
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supply/discharge opening 23a. The connpressed hydrogen is first 
released from the hydrogen filling space 33. With a decrease in 
pressure, the hydrogen absorbed by and stored In the hydrogen storage 
alloy Is released. The hydrogen storage alloy absorbs heat with 
5 release of hydrogen. The flow of hot coolant having a predetermined 
temperature is flown through the coolant channels to heat up the 
hydrogen storage alloy and enable continuous release of hydrogen from 
the hydrogen storage alloy. 

[0063] In the process of absorbing hydrogen in the hydrogen 

10 storage alloy or releasing hydrogen from the hydrogen storage alloy, the 
respective thin plate members laminated in the heat exchanger unit 30 
function as fins for accelerating heat exchange between the hydrogen 
storage alloy and the coolant. In the hydrogen absorbing process, the 
heat produced by the hydrogen storage alloy is transmitted to the 

15 coolant in the coolant channels 40 via the fins to accelerate the storage 
of hydrogen. In the hydrogen releasing process, on the other hand, the 
heat of the coolant in the coolant channels 40 is transmitted to the 
hydrogen storage alloy via the fins to accelerate the release of hydrogen. 
In the process of absorbing hydrogen in the hydrogen storage alloy, the 

20 heat produced by the hydrogen storage alloy with storage of hydrogen is 
transferred to the tank container 20 via the thin plate members 
functioning as fins, the heat exchanger casing 34, and the support 
member 45 and is released out of the tank container 20. 
[0064] As described above, the manufacturing process of the 

25 hydrogen storage tank 10 in the first embodiment fills the heat 

exchanger unit 30 with the particles of the hydrogen storage alloy, and 
attaches the detachable cover member to the heat exchanger unit 30 to 
block the space filled with the hydrogen storage alloy. The 
manufacturing process locates the heat exchanger unit 30 in the tank 

30 container 20, narrows the ends of the tank container 20, performs heat 
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treatment accompanied with abrupt water cooling, and removes the 
cover member. This arrangement effectively prevents the hydrogen 
storage alloy packed in the heat exchanger unit 30 from being wet in the 
water cooling step of the heat treatment. It is extremely difficult to dry 
5 up the wet particles of the hydrogen storage alloy after packing in the 
heat exchanger unit 30. Once being wet, the hydrogen storage alloy 
may lower its hydrogen absorbing capacity. Attachment of the 
detachable cover member to the heat exchanger unit 30 effectively 
prevents such potential problems of the hydrogen storage alloy. After 

10 the heat treatment, the cover member is removed from the heat 

exchanger unit 30 to reopen the hydrogen inlet 61 . This forms the 
opening on the surface of the heat exchanger unit 30, through which the 
flow of hydrogen is introduced for storage in the hydrogen storage alloy 
or is released from the hydrogen storage alloy. 

15 [0065] As described above, heat treatment enhances the fatigue 
strength of the aluminum alloy and allows the higher-pressure hydrogen, 
for example, hydrogen having a pressure of or over 1 MPa, to be stored 
in the hydrogen filling space 33 in the hydrogen storage tank 10. The 
presence of the reinforcement layer 26 allows for storage of the 

20 higher-pressure hydrogen, for example, hydrogen having a pressure of 
or over 25 MPa or even 35 MPa. The aluminum alloy is favorably used 
as the material of the tank container 20, since it has excellent thermal 
conductance, is light in weight, and effectively prevents leakage of even 
such high-pressure hydrogen. 

25 [0066] Restriction of the openings formed in the tank container 20 is 
required to keep the sufficient airtightness of the tank container 20 and 
to give the sufficient resistance to the high pressure of the hydrogen 
stored therein. The opening of the tank container 20 is, on the other 
hand, required to have a sufficiently large size to allow placement of the 

30 heat exchanger unit 30. The procedure of this embodiment accordingly 
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narrows the ends of the tank container 20 by the narrowing process after 
placement of the heat exchanger unit 30 into the tank container 20. 
When the heat treatment process with abrupt water cooling is carried 
out prior to the narrowing process, the effects of heat treatment on 
5 improvement in fatigue resistance may be damaged by the narrowing 
process. The heat treatment process with abrupt water cooling is thus 
to be performed after the narrowing process. The heat treatment is 
desirably carried out after the placement of the heat exchanger unit 30 
into the tank container 20 and the narrowing process. It Is, however, 

10 extremely difficult to fill the heat exchanger unit 30 with the particles of 
the hydrogen storage alloy via the small openings (the joint openings 21 
and 22 narrowed by the narrowing process. The manufacturing 
process of the hydrogen storage tank 10 in the first embodiment 
includes the respective steps in the adequate order to readily fill the 

15 heat exchanger unit 30 with the particles of the hydrogen storage alloy, 
while effectively preventing the hydrogen storage alloy from being wet. 
[0067] The hydrogen inlet 61 with the detachable cover member is 
positioned to ensure easy detachment of the cover member through the 
opening (joint opening 21) narrowed by the narrowing process. For 

20 example, the hydrogen Inlet 61 is located on the approximate center of 
the disc-shaped second manifold plate 39. 

[0068] Second Embodiment 
Structure of Hvdroaen Storage Tank 110 

25 Fig. 10 schematically illustrates the structure of a hydrogen 

storage tank 110 in a second embodiment of the invention. Fig. 11 is a 
sectional view of the hydrogen storage tank 110, taken on the line 11-11 
in Fig. 10. The hydrogen storage tank 110 includes a tank container 
120, a heat exchanger unit 130 located in the tank container 120, and a 

30 support member 140 interposed between the tank container 120 and the 
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heat exchanger unit 130. 

[0069] The tank container 120 is a quasi-cylindrical hollow vessel 
and is made of an aluminum alloy in this embodiment. The tank 
container 120 has joint openings 121 and 122 on both ends thereof, 
5 which have smaller virtually-circular cross sections than the center 
cross section of the tank container 120. 

[0070] Joint assemblies 123 and 124 are set in the respective joint 
openings 121 and 122. The joint assemblies 123 and 124 form the 
structure of keeping the sufficient airtightness of the tank container 120 

10 at the joint openings 121 and 22 to prevent leakage of gaseous 

hydrogen stored In the tank container 120. The joint assembly 123 has 
a hydrogen supply/discharge opening 123a, which is open to the outside 
to supply and discharge a flow of gaseous hydrogen into and from the 
tank container 120. 

15 [0071] The heat exchanger unit 130 has a heat exchanger casing 
134, which is a quasi-cylindrical vessel having a smaller cross section 
than the cross section of the tank container 120. The heat exchanger 
casing 134 is filled with hydrogen storage alloy. Three coolant 
channels 135 are formed to pass through the longitudinal axis of the 

20 heat exchanger unit 130 and allow for heat exchange between the 
hydrogen storage alloy packed in the heat exchanger unit 130 and a 
selected coolant. Each of the three coolant channels 135 is formed in 
a U shape. Each of the U-shaped coolant channels 135 has both ends 
extended out of the tank container 120 via the joint assembly 124 set in 

25 the joint opening 122. Each of the U-shaped coolant channels 135 has 
a U-shaped bend protruded from the heat exchanger casing 134 at the 
end of the joint opening 121 . A flow of the coolant supplied to each of 
the U-shaped coolant channels 135 is Introduced from one end of the 
coolant channel 135 extended out of the tank container 120 at the joint 

30 assembly 124 and is flown through the coolant channel 135 along the 
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longitudinal axis of the heat exchanger unit 130. The flow of the 
coolant running through the coolant channel 135 is inverted at the 
U-shaped bend protruded from the heat exchanger casing 134, is led 
toward the joint assembly 124, and is discharged outside the hydrogen 
5 storage tank 110 via the other end of the coolant channel 135 extended 
out of the tank container 120 at the joint assembly 124. 
[0072] The support member 140 is interposed between the tank 
container 120 and the heat exchanger unit 130 to surround the outer 
circumference of the heat exchanger unit 130. The support member 

10 140 is a metal thin plate of, for example, an aluminum alloy, stainless 
steel, or a clad material of an aluminum alloy or stainless steel, 
corrugated at preset intervals. The support member 140 absorbs 
expansion and contraction in the heat exchanger unit 130 due to an 
increase or a decrease in temperature, while holding the heat exchanger 

15 unit 130 in the tank container 120. The support member 140 of the 
corrugated structure has elastic force to hold the heat exchanger unit 
130. The support member 140 also allows for heat transmission 
between the heat exchanger unit 130 and the wall surface of the tank 
container 120. In a modified structure, the support member 140 may 

20 be attached to the tank container 1 20 and to the heat exchanger unit 1 30 
to hold the heat exchanger unit 130 in the tank container 120 and to 
enhance the heat transmission. 

[0073] The corrugated structure of the support member 140 forms 
multiple inner cavities 132 along the longitudinal axis of the tank 

25 container 120 between the inner wall surface of the tank container 120 
and the heat exchanger unit 130 (see Fig. 11). End cavities 133, which 
are not via the support member 140, are formed on both ends of the 
longitudinal axis of the tank container 120 between the inner wall 
surface of the tank container 120 and the heat exchanger unit 140 (see 

30 Fig. 10). A supply of hydrogen fed into the hydrogen storage tank 110 
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is absorbed by and stored in the hydrogen storage alloy packed in the 
heat exchanger unit 130, while being stored as connpressed hydrogen in 
gaps formed by the particles of the hydrogen storage alloy, in the inner 
cavities 132, and in the end cavities 133. As discussed later, the tank 
5 container 120 Is subjected to heat treatment with abrupt water cooling in 
the process of manufacturing the hydrogen storage tank 110. The 
multiple inner cavities 132 form the water channels in the water cooling 
step. 

[0074] The outer circumference of the tank container 120 is covered 
10 with a reinforcement layer 126, The reinforcement layer 126 is made of 

carbon fiber reinforced plastic (CFRP) and enhances the strength of the 

tank container 120, which stores high-pressure hydrogen therein. 

[0075] Manufacturing Process of Hvdrogen Storage Tank 110 

Fig. 12 is a flowchart showing a process of manufacturing the 
15 hydrogen storage tank 110 in the second embodiment. Figs. 13 and 14 

show main parts of the manufacturing process of the hydrogen storage 

tank 110 in the second embodiment. 

[0076] The manufacturing process of the hydrogen storage tank 110 
first provides the heat exchanger casing 134, which is a hollow 

20 cylindrical vessel (step S300) and sets the three coolant channels 1 35 in 
the heat exchanger casing 134 (step S310, see Fig. 13(A)). The 
setting process makes holes in the heat exchanger casing 134 for 
receiving the coolant channels 135 therein, inserts the respective two 
ends of the U-shaped coolant channels 135 from one end of the heat 

25 exchanger casing 134, and causes the U-shaped coolant channels 135 
to pass through the heat exchanger casing 134 and to be protruded from 
the other end of the heat exchanger casing 134. The coolant channels 
135 passing through the heat exchanger casing 134 are fixed to the heat 
exchanger casing 134 by welding, which fills in the clearances between 

30 the coolant channels 135 and the heat exchanger casing 134. The 
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procedure of step S310 further bends the coolant channels 135 
protruded from the other end of the heat exchanger casing 134 and 
bundles the six bent ends of the coolant channels 135 protruded from 
the other end along the center axis of the heat exchanger casing 134 
5 (see Fig. 13(A)). A hole 131 for filling the hydrogen storage alloy is 
formed on the approximate center of the face of the heat exchanger 
casing 134 (the bottom of the cylindrical shape), from which the 
U-shaped bends of the U-shaped coolant channels 135 are extended. 
The position of the hole 131 is shown by the arrow in Fig. 13(A). 

10 [0077] The manufacturing process subsequently provides a 

quasi-cylindrical outer wall member 150 with both ends open and a 
corrugated plate 152 to form the support member 140 (step S320). Fig. 
13(B) shows the appearance of the outer wall member 150, and Fig. 
13(C) shows the appearance of the corrugated plate 152. The 

15 manufacturing process inserts the corrugated plate 152 and the heat 
exchanger casing 134 with the coolant channels 135 in the outer wall 
member 150 (step S330). The corrugated plate 152 is arranged to form 
multiple cavities, which are substantially parallel to one another and 
connect both ends of the outer wall member 150 with each other, 

20 between the outer wall member 150 and the heat exchanger casing 134. 
This arrangement of the corrugated plate 152 between the heat 
exchanger casing 134 and the outer wall member 150 forms the support 
member 140 (see Fig. 14(A)). 

[0078] The manufacturing process then narrows both ends of the 
25 outer wall member 1 50, so as to narrow the openings at both the ends of 
the outer wall member 150 and form the narrow joint openings 121 and 
122 (step S340). Fig. 14(B) shows the tank container 120 obtained by 
narrowing the openings of the outer wall member 150. The opening 
formed on the side, from which the respective ends of the coolant 
30 channels 135 are protruded, is the joint opening 122, and the opening 
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on the opposite side is the joint opening 121. 

[0079] The tank container 120 then goes through heat treatment 
(step S350). The heat treatment is performed to improve the fatigue 
strength of the aluminum alloy of the tank container 120. In the 
5 hydrogen storage tank 110, the respective constituents are expanded 
and compressed with a variation in temperature, and the internal 
pressure varies with storage and release of hydrogen. The expansion 
and compression of the constituents and the variation in internal 
pressure cause distortion in the shape of the tank container 120 at a 

10 certain rate. The repeated distortion gradually accumulates the metal 
fatigue on the aluminum alloy of the tank container 120. The heat 
treatment enhances the resistance to such metal fatigue. The 
procedure of this embodiment applies a known T6 treatment for 
aluminum alloy to the heat treatment. The heat treatment heats up the 

15 aluminum alloy to the state of a solid solution in a temperature range of 
515 to SSO^'C and then abruptly cools down the heated aluminum alloy 
with water. The flow of water is led into the tank container 120, that is, 
into the inner cavities 132 defined by the inner wall surface of the tank 
container 120 and the heat exchanger casing 134, to ensure abrupt 

20 cooling of the aluminum alloy with water. 

[0080] After the heat treatment, the manufacturing process packs 
the particles of the hydrogen storage alloy into the heat exchanger 
casing 134 (step S360). The procedure of step S360 introduces the 
particles of the hydrogen storage alloy into the heat exchanger casing 

25 134 through the hole 131 formed in the heat exchanger casing 134 via 
the joint opening 121 of the tank container 120 (see the arrow in Fig. 
14(B)), The manufacturing process then seals the hole 131 and 
completes the heat exchanger unit 130 in the tank container 120 (step 
S370). The procedure of step S370 plugs a gas-permeable porous 

30 member 137 composed of a sintered metal into the hole 131, so as to 
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close the hole 131 (see Fig. 14(B)). The porous member 137 carries 
the particles of the hydrogen storage alloy packed in the heat exchanger 
unit 130 with substantially prohibiting their invasion. This arrangement 
effectively prevents leakage of the hydrogen storage alloy packed in the 
5 heat exchanger unit 130. The hole 131 with the porous member 137 
plugged therein works as the hydrogen channel when the supply of 
hydrogen is absorbed by and stored in the hydrogen storage alloy 
packed in the heat exchanger unit 130 of the hydrogen storage tank 110 
and when the flow of hydrogen is released from the hydrogen storage 
10 alloy. 

[0081] The manufacturing process then attaches the joint assembly 
123 to the joint opening 121 and the joint assembly 124 to the joint 
opening 122, respectively (step S380). In the structure of this 
embodiment, the joint assembly 123 has a solenoid-operated on-off 

15 valve and a pressure reducing valve. The flow of high-pressure 
gaseous hydrogen is introduced via the hydrogen supply/discharge 
opening 123a to be stored in the hydrogen storage tank 110. The flow 
of low-pressure gaseous hydrogen reduced by means of the pressure 
reducing valve is discharged from the hydrogen storage tank 110 to the 

20 outside via the hydrogen supply/discharge opening 123a. The joint 
assembly 124 holds the respective ends of the three coolant channels 
135. which are protruded from the tank container 120, while keeping the 
airtightness of the tank container 120. 

[0082] The manufacturing process subsequently forms the 
25 reinforcement layer 1 26 on the outer circumference of the tank container 
120 (step S390) and completes the hydrogen storage tank 110. The 
reinforcement layer 126 is formed, for example, by winding carbon fibers 
soaked in an epoxy resin about the outer circumference of the tank 
container 120 and curing the soaking epoxy resin. 
30 [0083] Storage and Release of Hydrogen into and from Hvdroqen 
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Storage Tank in Second Embodiment 

A supply of high-pressure hydrogen is introduced into the 
hydrogen storage tank 110 via the hydrogen supply/discharge opening 
123a for storage of hydrogen in the hydrogen storage tank 110. The 
5 flow of hydrogen led through the hydrogen supply/discharge opening 
123a is led into the inner cavities 132 and the end cavities 133 formed in 
the hydrogen storage tank 110 and into the heat exchanger unit 130 via 
the porous member 137 plugged in the hole 131, so as to be absorbed 
by and stored in the hydrogen storage alloy. The amount of hydrogen 

10 absorbed by and stored in the hydrogen storage alloy depends upon the 
pressure of hydrogen, the temperature, and the type of the hydrogen 
storage alloy. When the flow of hydrogen is supplied at a preset 
pressure, the hydrogen storage alloy is heated up to a specific 
temperature, while absorbing the hydrogen. In the process of 

15 hydrogen storage, the coolant is circulated and flown through the three 
coolant channels 135 to cool down the inside of the hydrogen storage 
tank 110 and thereby accelerate absorption of hydrogen into the 
hydrogen storage alloy. After the hydrogen storage alloy is heated up 
to the specific temperature, the inner cavities 132 and the end cavities 

20 133 are filled with gaseous hydrogen at a pressure corresponding to the 
hydrogen supply pressure into the hydrogen storage tank 110. The 
hydrogen storage tank 110 Is thus fully filled with hydrogen. 
[0084] The flow of hydrogen reduced to a preset pressure is 
released from the hydrogen storage tank 110 via the hydrogen 

25 supply/discharge opening 123a. The compressed hydrogen is first 
released from the inner cavities 132 and the end cavities 133. With a 
decrease in pressure, the hydrogen absorbed by and stored in the 
hydrogen storage alloy is released. The hydrogen storage alloy 
absorbs heat with release of hydrogen. The flow of hot coolant having 

30 a predetermined temperature is flown through the coolant channels to 
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heat up the hydrogen storage alloy and enable continuous release of 
hydrogen from the hydrogen storage alloy. 

[0085] In the process of absorbing hydrogen in the hydrogen 
storage alloy, part of the heat produced from the hydrogen storage alloy, 
5 due to storage of hydrogen, is transmitted to the tank container 120 via 
the heat exchanger casing 134 and the support member 140 and is 
released from the tank container 120. 

[0086] As described above, in the hydrogen storage tank 110 of the 
second embodiment, the arrangement of the support member 140 forms 

10 the cavities between the tank container 120 and the heat exchanger unit 
130 to connect the openings of the tank container 120, that is, the joint 
openings 121 and 122, with each other. This structure readily makes 
the water flow through the tank container 120 and thus ensures 
sufficiently abrupt cooling of the tank container 120 with water. In the 

15 structure of this embodiment, the support member 140 encircles the 

outer circumference of the heat exchanger unit 130 to connect the whole 
cavities formed between the tank container 120 and the heat exchanger 
unit 130 with both the joint openings 121 and 122. This enables the 
inside of the whole tank container 120 to be quickly cooled down with 

20 the flow of water. 

[0087] As described above, heat treatment enhances the fatigue 
strength of the aluminum alloy and allows the higher-pressure hydrogen, 
for example, hydrogen having a pressure of or over 1 MPa, to be stored 
in the hydrogen storage tank 110 (in the inner cavities 132 and the end 

25 cavities 133). The presence of the reinforcement layer 126 allows for 
storage of the higher-pressure hydrogen, for example, hydrogen having 
a pressure of or over 25 MPa or even 35 MPa. Restriction of the 
openings formed in the tank container 120 is required to keep the 
sufficient airtightness of the tank container 120 and to give the sufficient 

30 resistance to the high pressure of the hydrogen stored therein. The 
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opening of the tank container 120 is, on the other hand, required to have 
a sufficiently large size to allow placement of the heat exchanger unit 
130. The procedure of this embodiment accordingly narrows the ends 
of the tank container 120 by the narrowing process after placement of 
5 the heat exchanger unit 130 into the tank container 120. When the 
heat treatment process with abrupt water cooling is carried out prior to 
the narrowing process, the effects of heat treatment on improvement in 
fatigue resistance may be damaged by the narrowing process. The 
heat treatment process with abrupt water cooling is thus to be performed 

10 after the narrowing process. The heat treatment with abrupt water 
cooling is desirably carried out after the placement of the heat 
exchanger unit 130 into the tank container 120 and the narrowing 
process. If the support structure for holding the heat exchanger unit in 
the tank container interferes with the smooth flow of water, the inside of 

15 the tank container may not be abruptly cooled down with water. In the 
structure of this embodiment, the support member 140 is arranged to 
form the cavities connecting with the openings on both ends of the tank 
container 120. These cavities ensure sufficiently abrupt water cooling. 
[0088] Modified Examples 

20 In the embodiments discussed above, the tank container is made 

of the aluminum alloy. The aluminum alloy is, however, not the limited 
material, and the tank container may be composed of another suitable 
material, for example, stainless steel. The technique of the invention is 
also applicable to the process of manufacturing the tank container of 

25 another material, which includes heat treatment with abrupt water 
cooling, such as solution heat treatment. 
[0089] The heat exchanger unit discussed in the above 
embodiments is not limited to the filling unit of the hydrogen storage 
alloy, but may be modified in various ways. One example is a filling 

30 unit including heat transmission means, such as fins. Metal fins 
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located in the filling unit to come into contact with both the hydrogen 
storage alloy and the coolant channels enhance the cooling and heating 
efficiencies of the hydrogen storage alloy. The fins may otherwise be 
located in the filling unit to come into contact with both the hydrogen 
5 storage alloy and the tank container. This accelerates heat radiation in 
the process of storage of hydrogen. The coolant channels may be 
omitted from the structure, as long as the structure ensures sufficient 
cooling in the process of storage of hydrogen and sufficient heating in 
the process of release of hydrogen. The technique of the invention is 

10 preferably applied to any of these modified structure to ensure 

sufficiently abrupt water cooling, when the heat treatment with abrupt 
water cooling is carried out after placement of the filling unit (or the 
casing to form the filling unit) into the tank container. 
[0090] In the embodiments discussed above, the heat exchanger 

15 unit functioning as the filling unit is filled with the hydrogen storage alloy. 
Another absorbent or adsorbent may be used, in addition to or Instead of 
the hydrogen storage alloy. For example, active carbon or carbon 
nanotube may be used, in addition to the hydrogen storage alloy. 
[0091] The tank container may include a filling unit without any 

20 absorbent or adsorbent, instead of the filling unit filled with the 

absorbent or adsorbent for absorbing and/or adsorbing hydrogen. The 
support member of the invention is favorably applied to any gas storage 
tank with a filling unit housed in a tank container to hold the filling unit in 
the tank container. 

25 [0092] The above embodiments regard the hydrogen storage tank 
for storing hydrogen. The technique of the invention is generally 
applicable to a gas storage tank for storing a high-pressure gas. 
[0093] In the structure of the embodiment, the support member 140 
is formed by the corrugated plate 152 having substantially the same 

30 length as the longitudinal dimension of the heat exchanger casing 134. 
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In one modified structure, multiple short corrugated plates are arranged 
to encircle the outer circumference of the hydrogen storage tank and 
form the support member. A hydrogen storage tank of this modified 
structure is shown in Fig. 15. The modified structure of Fig. 15 
5 includes two support members 140a and 140b, although the support 
member may be parted into a greater number of sections. The support 
member arranged to connect the cavities formed between the tank 
container and the heat exchanger unit with the opening of the tank 
container enables the water flow to be circulated in the whole tank 

10 container. This ensures abrupt cooling of the tank container with water. 
The arrangement of the support member to form the cavities 
substantially in parallel with the longitudinal axis of the tank container is 
especially desirable for the high water cooling efficiency. 
[0094] In the structure of the second embodiment, the tank 

15 container 120 has the openings on both ends (the joint openings 121 

and 122). This arrangement readily makes circulation of the water flow 
through the tank container 120 to attain abrupt cooling of the tank 
container 120 with water. The tank container is generally required to 
have at least one opening. As long as the support member is arranged 

20 to connect the whole gap formed between the tank container and the 
heat exchanger unit with the opening, the inside of the tank container is 
effectively cooled down with water in the process of heat treatment. 
[0095] In the structure of the second embodiment, the support 
member 140 is the metal thin plate to ensure the sufficiently wide 

25 circulation space for the water flow between the tank container and the 
heat exchanger unit. A member other than the metal thin plate may be 
applied for the support member. As long as the support member is 
arranged to connect the whole gap formed between the tank container 
and the heat exchanger unit with the opening, the inside of the tank 

30 container is effectively cooled down with water in the process of heat 
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treatment. 

[0096] The manufacturing process of the second embodiment packs 
the particles of the hydrogen storage alloy into the tank container 120 
through the hole 131 formed on one end of the tank container 120. 
5 This hole 131 also functions as the channel for storage and release of 
hydrogen. The hole used for packing of the hydrogen storage alloy 
may be different from the hole functioning as the channel for storage 
and release of hydrogen. In this modified structure, a porous member 
is plugged in the hole functioning as the channel for storage and release 
10 of hydrogen, prior to placement of the heat exchanger casing into the 
tank container. The hole used for packing of the hydrogen storage 
alloy is completely closed, for example, by welding after packing of the 
hydrogen storage alloy. 

[0097] The manufacturing process of the second embodiment packs 

15 the particles of the hydrogen storage alloy into the heat exchanger 
casing 134, subsequent to narrowing of the openings of the tank 
container 120 with the heat exchanger casing 134 received therein and 
the heat treatment of the tank container 120. One modified procedure 
may pack the particles of the hydrogen storage alloy into the heat 

20 exchanger casing 134, prior to the placement of the heat exchanger 
casing 134 into the tank container 120. When the tank container 120 
including the heat exchanger unit 130 filled with the particles of the 
hydrogen storage alloy goes through the heat treatment with abrupt 
water cooling, the heat exchanger unit 130 should have the sufficient 

25 sealing properties to prevent the hydrogen storage alloy from being wet 
by water cooling. For this purpose, one applicable structure uses a 
detachable cover member. The cover member is attached to the heat 
exchanger unit 130 after packing of the hydrogen storage alloy and is 
detached after the heat treatment with abrupt water cooling. 

30 [0098] The embodiments discussed above regard the hydrogen 
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Storage tank and the method of manufacturing the hydrogen storage 
tank of the invention. These embodiments and their modified examples 
are to be considered in all aspects as illustrative and not restrictive. 
There may be many other modifications, changes, and alterations 
without departing from the scope or spirit of the main characteristics of 
the present invention. All changes within the meaning and range of 
equivalency of the claims are therefore intended to be embraced 
therein. 

The scope and spirit of the present invention are indicated by the 
appended claims, rather than by the foregoing description. 
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